Abstract-The market for computers, their peripherals, and other electrical business machines has become worldwide. Accordingly, manufacturers expressed a need that International Safety Standard 1EC-950 be adopted as the U.S. national safety standard for their products. They realized the economic advantage of manufacturing their product to an internationally accepted standard as opposed to multiple national standards. Outright adoption of IEC-950 was not feasible for the United States because of conflicts with the National Electrical Code. Therefore, a committee of industry and safety engineers developed a safety standard that was as close to IEC-950 as possible but compatible with the NEC. The result of the committee's work was UL-1950. UL-1950 represents a change in requirements for safety of computer and electrical business machines. Many machines will, therefore, need to be reevaluated to obtain listing to the upgraded requirements of the Standard. Most of the requirements of UL-1950 that differ from predecessor standards are associated with risk of electric shock. This paper deals with the technicalities of those new requirements.
I. INTRODUCTION
URING this decade, American safety standards for D computer and electrical business machines have evolved from domestic to international in nature. The importance of a worldwide market prompted this evolution. The evolution process has not been easy. The development of an internationally based product safety standard has been difficult and often frustrating for safety and manufacturing engineers. This paper gives a brief history of the safety standards for computer and electrical business equipment within the past 10 years leading up to the new standard, UL-1950 . The technical requirements are discussed immediately thereafter. products intended to be installed in an office environment. Examples of such products are microcomputers, photocopying machines, paper shredders, and pencil sharpeners.
2) UL-478 Fourth Edition, Electronic Data Processipo
Units and Systems. Safety engineers use this standard to evaluate electrical products intended to be installed in a computer room. Some of these are mainframe computers, minicomputers, and peripheral units such as line printers and video terminals.
As the technology of computer equipment progressed, it became difficult for manufacturers to decide in which environment their product would be used. Also, with the arrival of personal computers, home and school operating environments became important. Safety engineers developed UL-478 Fifth Edition, Information Processing and Business Equipment. This standard is a harmonization of the requirements of UL-114 and UL-478 Fourth Edition. The operating environment anticipated by the scope of UL-478 5th Edition includes offices, computer rooms, homes, and schools.
In 1987, American manufacturers expressed their need that IEC 950 be adopted as the U.S. national safety standard for computer and electrical business machines. Their need was motivated by the expansion of the international market for their product and the economical advantage afforded by designing their product around a single worldwide safety standard. Furthermore, they were aware of the European Community's plan to adopt IEC-950 as its national standard for computer and business machines by 1992.
Briefly, the International Electrotechnical Commission (IEC) is renowned for establishing design and installation standards. The IEC, although based in Geneva, Switzerland, is an organization consisting of a conglomerate of 44 countries including the United states. IEC-950 was developed with the cooperation of member countries, but its requirements are predominantly influenced by European installation
Ir. HISTORY OF STANDARDS DEVELOPMENT
In the early 198o'S, there were two st"h-s for computer and electrical business machines, UL-114 and UL-478 Fourth Edition. The scope of these two standards are as follows: 
B. Development of UL-1950
The committee then set about to develop a new U.S. standard that used IEC-950 as its basis. The new standard was to include deviations to correct problems of incompatibility with the NEC and U.S. electrical component requirements. To address these differences, UL-1950 was developed. It is a three-part standard with the following format:
Part A of the standard is IEC-950 in its entirety but shows the U.S. deviations. Part B is Part A without the text of IEC-950. The resulting text of Part B are, therefore, the U.S. deviations. Part C has special deviations to IEC-950, not mentioned in Parts A or B, that are less stringent than IEC-950. The purpose of these deviations is to permit manufacturers to include certain aspects of construction in the design of their product that do not conform to Part A or B until March 15, 2000 . This is intended to reduce the economical impact on manufacturers that do not market their products in Europe. The reduced requirements are intended to be withdrawn on March 15, 2000.
The intent of separating Parts B and C from the body of the standard was to help the American representative to the IEC focus on the U.S. deviations with the eventual goal of proposing the essential U .S. requirements into IEC-950.
SAFETY REQUIREMENTS OF UL-1950 ASSOCIATED
WITH REDUCING THE RISK OF ELECTRIC SHOCK UL-1950 addresses construction and performance criteria with the intent of reducing the risk of fire, personal injury, and electric shock. This paper deals with the requirements associated with reducing the risk of electric shock to users of the equipment. Such requirements differ greatly from predecessor standards. Before going into those requirements, it is desirable that we first have a common understanding of what level of ''electric shock" the standard addresses.
A . Electric Shock
The effects of current through the body include the follow-~ 229 ing progressive levels of intensity:
Levels less likely to result in death: Perception-there is a tingling sensation that is not necessarily dangerous. Reaction-causes persons to jump at the more severe perception that might cause them to hurt themselves or others due to their reaction. Levels more likely to result in death: Inability to let go-there is tetanization of the muscles that prevents persons from releasing their grasp of the live part.
Cessation of breathing.
Ventricular fibrillation-there is arrhythmic contraction of the heart that disables its ability to pump blood. Electrical burns-there is necrosis of body cells caused by the thermal heating effect of electric current through body tissue. Paralysis.
The construction and performance requirements of UL-1950 are associated with rendering inaccessible to users any parts that are likely to cause severe reaction or inability to let go. Generally, reaction is not severe to people if the accessible current does not exceed 0.75 mA at 60 Hz. Inability to let go is not considered a problem if the accessible current does not exceed 3.5 mA at 60 Hz.
The standard does not permit accessible parts on or within the product to exceed the shock levels previously mentioned. Furthermore, the standard requires that accessible parts be examined in relation to internal parts likely to energize the exposed parts. The requirements also consider electrically live parts that are generally considered to be safe, such as data and communication circuits. Such circuits are often handled with little concern to risk of shock because such circuits generally involve low voltages and are isolated from hazardous circuits by transformers, optical coupled isolators, and the like. However, UL-1950 includes strengthened requirements for the degree of isolation between the circuits. The remainder of this paper discusses the specifics of these requirements.
B. Classes of Equipment
Equipment mentioned in UL-1950 is classed for its basic means for protection against shock by the manner in which it derives its source of supply. 1) Class I equipment is provided with a means of connecting to the grounding conductor in the building wiring the exposed conductive parts of the product that can assume hazardous voltages in the event that the parts are energized from faults within the product. 2) Class I1 equipment is not provided with a grounding means but is provided with double insulation between internal circuits and exposed parts. 3) Class 111 equipment offers protection from electric shock by its reliance on being supplied power from a lowvoltage source.
As it is the most prevalent of the three, Sections IV and V discuss Class I equipment, with emphasis on the requirements associated with reducing risk of electric shock.
IV. UL-1950 CONSTRUCTION CRITERIA
The following are the constructional requirements of UL-1950 associated with reducing the risk of shock to users of the equipment under evaluation. The differences between the requirements of UL-1950 and predecessor standards will be emphasized.
A . Enclosures
Products are evaluated to determine that hazardous live parts are not likely to be contacted. This is done by determining that suitable enclosures or barriers are provided to prevent such contact by persons. The judgment is determined by applying a test pin and a test finger to the openings. These probes are shown in Figs. 1 and 2 , respectively.
Openings are unacceptable if the test pin can contact any bare parts exceeding 42.4 V peak. The test pin is not applied to fuseholders, connectors, socket outlets, and the like.
Openings are unacceptable if the test finger can contact any parts, including insulation materials that are isolated from hazardous circuits, by only basic insulation. Also, as with the test pin, the finger should not contact any live parts exceeding 42.4 V peak. The test finger is applied to fuseholders, connectors, socket outlets, and the like.
B. Grounding
Electrically conductive parts that are accessible to users of products and are likely to be energized if there is breakdown of basic insulation must be bonded to the mains ground. If the accessible part is not grounded, double or reinforced insulation must be provided between the part and any internal hazardous live part in proximity to the enclosure. Previous U.S. Standards did not require this of Class I machines.
C. Circuit Isolation
Circuits that are likely to be contacted, such as those leading to external data connectors, must be isolated from circuits involving hazardous voltage or current levels by two levels of protection. These levels consist of enhanced insulation systems, increased spacings, isolation devices that provide these inherently, or combinations of the above. The following defines these levels of circuit isolation: 1) Insulation Systems: Equipment evaluated to UL-1950 must provide basic and supplementary insulation between hazardous circuits and circuits likely to be accessible to end users. As an alternative, reinforced insulation may be used in place of separate layers of basic and supplementary insulatioi,.
Basic insulation provides basic protection against electric shock. Supplementary insulation is independent from basic insulation and provides protection against electric shock in the event of a failure of the basic insulation. Reinforced insulation provides a degree of protection against electric shock equivalent to double insulation. Prior to UL-1950, only basic insulation was required between hazardous circuits and accessible circuits of Class I machines. 
2) Spacings Between Parts of Opposite Polarity:
Faults between live parts involving hazardous voltages and accessible circuits or other accessible parts of a product can be the result of arcing across a small gap between the parts or arcing over the surface of an insulating material on which the parts are mounted. These types of faults could result in a shock or fire hazard. Therefore, the standard specifies minimum permissible spacings between the parts of opposite polarity. A higher working voltage between the parts necessitates a greater distance between the parts. These spacings are known as clearance and creepage and are defined as follows: a) Clearance distance-Clearance is the shortest distance between two conductive parts, or between a conductive part and the bounding surface of the equipment, measured through air. The path for measuring clearance is depicted by the solid line shown in Fig. 3 . b) Creepage distance-Creepage is the shortest path between two conductiveparts, or between a conductive part and the bounding surface of the equipment, measured along the surface of the insulation. The path for measuring creepage is depicted by the dotted line shown in Fig. 3 . An example of minimum clearance and creepage distances specified in UL-1950 are shown in Tables I  and 11 , respectively. 3) Isolating Devices: Some types of isolating devices are transformers, relays, and optically coupled isolators. The most common type of isolating device is the transformer. When a single transformer acts as the sole isolating device to user accessible circuits, it is investigated as a "safety isolating transformer." The tests are described in Section V. The insulation system within the transformer must be provided with double or reinforced insulation between windings involving hazardous potentials and all windings considered likely to be conductively connected to accessible circuits.
The second level of protection between transformer windings of hazardous potentials and those of nonhazardous potentials may be provided by a grounded shield. The sum total of the insulating layers on either side of the shield is the first level of protection or basic insulation.
V. UL-1950 PERFORMANCE TESTING
Tests are to be performed on equipment under conditions of both normal and abnormal operation. Again, the scope of this paper is limited to those performance tests associated with reducing the risk of electric shock.
A . Leakage-Current Measurements
Leakage currents are capacitively coupled currents distributed to the grounded metal parts of products. High-leakage currents can be a source of electric shock to users. The usual source of leakage currents in computer-type products are electromagnetic interference (EMI) filters within the product. The leakage current test consists of measuring the current in milliamperes between accessible conductive parts and either side of the power line with the grounding conductor removed. The maximum permissible leakage currents are 0.75 mA for hand-held units and 3.5 mA for all other units. These current limits are more stringent that the standards preceding UL-1950.
B. Temperature Testing Under Normal Operating Conditions
UL-1950 specifies that the temperature of certain parts within the product be measured. This test determines that the temperature ratings of critical insulation systems in contact with or within those parts not be exceeded. If an insulation system that is critical for isolating a hazardous circuit from an accessible circuit or part is subjected to high operating temperatures, it may become damaged. Such damage could result in the loss of isolation between hazardous circuits and parts likely to be accessible to end users, resulting in risk of shock.
Thermocouples are applied to the' parts as a means for sampling the operating temperatures. To translate the thermocouple voltages to degrees Celsius, the leads of the thermocouples are attached to measuring instruments that provide the conversion.
Although this test existed before UL-1950, it was done only at rated supply voltage. UL-1950 specifies that the temperature test be performed at high-and low-input voltages as well.
C. Dielectric Withstand Testing
This test determines the ability of an insulation system to withstand breakdown due to the operating voltages across the insulation. Again, if the insulation breaks down there could be loss of isolation between hazardous circuits and parts likely to be accessible to end users.
The test consists of applying a high voltage across each critical insulation system within the product. The standard specifies the test voltage based on the operating potential across the insulation. The voltage is held in place for one minute and the test instrument is observed for indication of dielectric breakdown. Before UL-1950, the test potential applied between primary circuits and accessible secondary circuits was 1240 V where the supply voltage was 120 vac. UL-1950 specifies 2000 V for the same circuit under test.
D. Testing of Safety Isolation Transformers
Safety isolation transformers are tested under conditions of shorted secondary windings. The winding temperatures are monitored during that condition. The temperatures must meet minimum levels of temperature according to a table in the standard. The dielectric withstand test is then repeated on the transformer after the conditioning afforded by the heating of the test. This test represents an additional level of protection against risk of shock since the transformer is evaluated under normal and overloaded conditions.
E. Testing Under Conditions of Abnormal Operation
There are a multitude of tests where the product is subjected to conditions under which individual parts of the product are failed in their normal failure mode including the following:
1)
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Motors under stalled rotor and running overload conditions electronic parts failing shorted or opened shorts and overloads at external connectors shorts and overloads at ends of external cables malfunction of a cooling fan blocking of ventilation openings paper jams.
After obtaining ultimate results from the simulated conditions of abnormal operation, the Dielectric Withstand Test is repeated to confirm that the insulation system within the product is intact and there is no evidence of electric shock hazard. U.S. safety standards preceding UL-1950 did not include some of the tests under abnormal conditions that are specified in UL-1950.
VI. CONCLUSION
With the arrival of the new Standard for Information Technology Equipment UL-1950, manufacturers are presently designing their products to that standard. They are, in turn, resubmitting the products to a safety testing laboratory for listing in the new standard.
To alleviate economic impact on manufacturers due to significant changes in the construction requirements, especially those manufacturers that do not market their products in Europe, the manufacturers will be permitted to maintain listing their computer and business equipment products to previous standards until March 15, 2000.
